expanding vertical grid
K—¢ type turbulence & terrain following
closure model coordinates
three dimensional — Thirteen surface types
ut

’@‘ & < short & long wave
time dependent radiation balance
D (5 levelsin ground)

i vd : moisture, evaporation,
- ydrostatic & condensation




Input & Output for the HOTMAC Model
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HOTMAC INPUT PARAMETERS
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U(t)= U+ u'(t)







o, _
x =

dlvergence

U. a_Ui:_iiéE_ 3T
Po 9% gT

advect| on  pressure gravity Coriolis
force force force

00,509 _ 1 0R LE o
ot Jox; pocpaxJ poCp 6

advection radiation phase turbulent
divergence change diffusion

— — 2 _
0Q, _ 0Q, _ 0°Qy -
T R R P

advection turbulent molecular  source &
diffusion  diffusion sink terms

O'u.+ K

9 u' u'
0

turbulent
diffusion

9°0

axjaxj

mol ec_ular
diffusion

8° U,
axjaxj

mol eqular
diffusion

+ U




Terrain-following coordinate transformation
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turbulent eddies transport fluid
properties over finite distances
resulting in turbulent fluctuations

u'(z) =U(z-1) - U(2)

— 2
o aU(2) |
u (Z) —U(Z)—l T"‘ 5

2°U(2)

... —U(2)
022




oU_, U
Zyoy 2420z

=K

ou ouU ou
yX&_KyyW_KYZE

oU oU oU

= K. .—K.,..——-K.__—

XX9x XYooy XZ9z




1st order closure

11/, order closure

1 egn. mode

2 egn. model
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Nested horizontal mesh - top view vertical grid spacing
- Side view
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wind, temperature,
& turbulencefields




Air Pollution Modeling System
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Fleet Mix,
Driver
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Chem-Bio Agents Transport and Fate M odeling System System
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4 am - four hours after release

3-d time-dependent
tracer smulations

Tracers released at three
heightsin the Valley of
Mexico City using
HOTMAC-produced wind
fields.

The tracer ssmulation
reveals significant vertical
wind shear between the
surface winds and winds
aloft.

release heights:
® 20m
50 m

® 1500 m



6 pm, 18 hours after release

3-d time-dependent
tracer smulations

Tracersreleased in the
Valley of Mexico City
using HOTMAC-produced
wind fields.

The tracer ssmulation
reveals wind shear and
mountain-induced upslope
and recirculation flows.

release heights:
e 20m
50 m

® 1500 m



midnight, 24 hours after release

3-d time-dependent
tracer smulations

Tracersreleased in the
Valley of Mexico City
using HOTMAC-produced
wind fields.

The tracer smulation

reveals significant vertical
wind shear and mountain-
Induced downslope flows.

release heights:

® 20m

50m
® 1500 m



Plume Dispersion Modeling in an Urban-Mountainous Setting

Sept. 2, 0300 Ist

Sept. 2, 1500 Ist

Sept. 1, 1500 Ist

N-S grid no.
N-S grid no.
N-S grid no.

0 5 10 15 20 25 30
E-W grid no.

10 15 20
E-W grid no.

10 15 20
E-W grid no.

conc., micrograms/m**3 conc., micrograms/m**3

conc., micrograms/m**3

Plume dispersion ssimulation of a 2 km x 2 km ground source located in the El Paso/Ciudad Juarez region. Hourly-averaged sur-
face concentration contours are shown at 12 hour intervals. The meteorological and concentration fields were computed by
LANL'sHOTMAC-RAPTAD modeling system. Plume concentrations change due to varying wind, temperature, and turbulence
fields.



LANL: Modeling of Atmospheric Phenomena

* Chemical Downwind Hazard M odeling Study (Tooele Army Depot)

* Mexico City Air Quality Research Initiative (MARI)

* LosAlamos Emergency Preparedness Studies

* Transportation Simulation Project (TRANSIMS)

* Chile Air Quality Program

* ASCOT Program (Brush Creek, California Geysers, Oak Ridge, Rocky Flats)
* Cross-Appalachian Transport Experiment (CAPTEX)

* Lake Powell/Glen Canyon Air Quality Study

* El Paso/Ciudad Juarez Border Air Quality Study

* Iron Mountain Experiment and Modeling Studies



LANL Air Quality Projects

Mexico City
=« meteorology

4 F ek - ::ﬁ?: R C -
EEe e alr chemistry
- eemissions

o cost-benefit analysis
Santiago, Chile

* meteorology
 plume dispersion

El Paso/Ciudad Juarez

* meteorology
* plume dispersion

Los Angeles, CA

* meteorology
e air chemistry
 stormwater transport

Washington DC

e flow around buildings
 plume dispersion

iz Dallas, TX

2 < flow around buildings
* meteorology

* plume dispersion

* vehicle exposures




Applications

/\ Air Pollution and Smog in Cities
* health concerns
e reduction strategies
« visibility issues
/\ Air Pollution (Plume) Transport from Factories

and Power plants

*health concerns
e reduction strategies
o visibility issues

A\ Accidental Releases from | ndustrial, Nuclear,

and Military Facilities

e emergency response
e planning and preparation




Special Meteorological Considerations

A coastal city A urban

i Pl

M/‘-n'rn'rrrr

daytime seabreeze buildings influence flow

A mountainousterrain A lack of met. data

upslope downslope
flow flow

P \5

daytime nighttime
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